Abstract: Natural selection as a mechanism of evolution is a central concept in biology; yet, most nonbiology-majors do not thoroughly understand the theory even after instruction. Many alternative conceptions on this topic have been identified, indicating that the job of the instructor is a difficult one. This article presents a new diagnostic test to assess students' understanding of natural selection. The test items are based on actual scientific studies of natural selection, whereas previous tests have employed hypothetical situations that were often misleading or oversimplified. The Conceptual Inventory of Natural Selection (CINS) is a 20-item multiple choice test that employs common alternative conceptions as distractors. An original 12-item version of the test was field-tested with 170 nonmajors in 6 classes and 43 biology majors in 1 class at 3 community colleges. The test scores of one subset of nonmajors (n ¼ 7) were compared with the students' performances in semistructured interviews. There was a positive correlation between the test scores and the interview scores. The current 20-item version of the CINS was field-tested with 206 students in a nonmajors' general biology course. The face validity, internal validity, reliability, and readability of the CINS are discussed. Results indicate that the CINS will be a valuable tool for instructors. ß 2002 Wiley Periodicals, Inc. J Res Sci Teach 39: 952-978, 2002 Natural selection is the principal mechanism of evolution, and the theory of evolution is of great importance as a unifying theory in biology education according to the National Science Standards (National Research Council, 1996). Yet, natural selection is misunderstood by many students. The litany of alternative conceptions regarding natural selection and evolution is long (Mayr,
focus specifically on subtopics of evolution such as natural selection (e.g., Brumby, 1979; Lawson & Thompson, 1988; Greene, 1990; Jiménez-Aleixandre, 1992 Grant, Owen, & Clarke, 1996; Holdredge, 1999) , adaptation and reproduction (Lucas, 1971; Clough & Wood-Robinson, 1985; Renner, Brumby, & Shepherd, 1981) , and speciation (Coyne, 1996) . The Platonic attitudes that prevailed among the population 100 years ago (Mayr, 1982) persist in many quarters today (Almquist & Cronin, 1988; Greene, 1990; Jackson, Doster, Meadows, & Wood, 1995) . Alternative conceptions about evolution exist even among the well-educated, including medical students (Brumby, 1984) and physics doctoral students (Chan, 1998) . Other sources focus on how to teach evolution (e.g., Jensen & Finley, 1995; Tabak & Reiser, 1997) . The National Academy of Sciences's book, Teaching about Evolution and the Nature of Science (1998) , is especially helpful in this area.
Alternative conceptions are ideas that differ from the corresponding scientific explanations. They are usually held by a significant proportion of students and are highly resistant to instruction. At the same time, these alternative ideas can serve as anchoring conceptions (Clement, Brown, & Zietman, 1989; Otero, 2000) from which to move to a scientific conception when suitable instructional strategies are developed. An assessment tool that identifies alternative conceptions of students is desirable for teachers who are striving to promote constructivist learning in their classrooms (von Glasersfeld, 1989; Christianson & Fisher, 1999; Mintzes, Wandersee, & Novak, 2000) . Whereas experienced teachers and professors are well aware of students' conceptual difficulties, novice teachers are not. In addition, many teachers recognize the need to assess their students' naive understandings but do not do so because they lack the appropriate tools (Morrison & Lederman, 2000) . Thus, a reliable test with excellent content validity is needed to meet a variety of educational needs.
In this article, we describe a more realistic and comprehensive test for assessing conceptual understanding of natural selection. The item contexts are based on actual evolutionary events being studied by scientists, such as the Galapagos finches. We describe the development and evaluation of three test versions and include the current 20-item version of the Conceptual Inventory of Natural Selection (CINS) based on the best items to emerge from our research.
Semantic Pitfalls
Creating clear, unambiguous test items about natural selection is more challenging than writing test questions in many other areas of biology. The English language is laden with popular uses of words that seriously limit our ability to speak clearly and unambiguously in this field. For example, a question may refer to the owl. Is it referring to a pet owl, or to the various owl species that occupy the local farmlands, or to a local population of great horned owls, or to the entire great horned owl species? Cues in the context are essential for disambiguation because the word owl can be and often is used in each of these ways. Rarely do we take the time and make the effort to speak precisely, as in ''the individual owl,'' ''the local owls,'' ''the local great horned owl population,'' and ''the great horned owl species.'' We are prone to taking linguistic shortcuts.
In addition, there is a tendency to speak in a variety of ways that can cause (and often reflect) confusions. Examples include but are not limited to speaking anthropomorphically (bacteria have ''shown considerable ingenuity in developing resistance to antibiotics''), teleologically (''cacti developed tough skin because it was needed to minimize water loss''), and as if evolution progresses steadily toward an ideal end point (''humans are higher on the evolutionary scale than chimps'') (Jungwirth, 1975; Halldén, 1988; Pedersen & Halldén, 1994) . Jungwirth (1975) demonstrated that experts, as well as novices, frequently employ these various speech patterns. Presumably, the experts are speaking metaphorically rather than literally, but they can confuse themselves on occasion and certainly can confuse their students. Ghiselin (1967) suggested that the habits and mannerisms of speech that characterize our language may often be derived from covert yet fundamental, metaphysical differences. Mayr (1982) reinforced this point of view with his explication of Platonic assumptions that have prevailed in western society for thousands of years and that stand in contradiction to neo-Darwinian thought.
Value of the CINS
With these semantic difficulties in mind, we examined existing tests for conceptual understanding of evolution (Bishop & Anderson, 1986 Settlage & Odom, 1995) and found that they suffered, like so many textbooks, from being overly simplistic and abstract. Some test questions even ask students to predict future evolutionary events when given information about a situation (Bishop & Anderson, 1990 ). Yet, predicting evolution is something Gould (1994) insisted even evolutionary biologists cannot do. In addition, existing tests directly seek to assess the student's understanding of the process of natural selection without probing the student's understanding of the underlying ecological and genetic principles that set the stage for natural selection. We believe that determining what students know about topics such as biotic potential and genetic variation within a population is essential.
Students who read Jonathan Weiner's Pulitzer prize-winning book, The Beak of the Finch (1995), develop a deeper and more comprehensive understanding of the processes of evolution and natural selection than any students we have ever seen who rely solely on lectures and introductory textbooks. We have found that even nonmajors, including prospective elementary school teachers, could develop a reasonable understanding of evolution with this entrancing story about 20 years of research on the evolution of finches in the Galapagos Islands, especially when guided with appropriate questions, prompts, discussions, and quizzes. This and other observations convinced us that the key to comprehension of this complex domain lies in the details, and that understanding the process of natural selection is just as important as understanding the outcome. We felt that this perspective could also be useful in the design of a new test.
The test items were chosen to address understanding of the five facts and three inferences described by Mayr (1982) that recreate the logic of the theory of natural selection. In addition, we have included questions to probe students' understanding of both the origin of variation and the origin of species. In all, a total of 10 concepts related to the theory of natural selection are represented on the CINS with 2 questions for each concept. The distractors in each item address common alternative conceptions about natural selection.
We are not aware of any existing test that is structured in this way, and believe that this type of test will be valuable in identifying gaps in instruction and student knowledge that contribute to misunderstandings about how populations change over time. We believe the test is best suited for assessing pre-and postinstruction knowledge of nonmajors and preinstruction knowledge of majors. We chose not to compare student performance on the CINS with performance on existing tests because the CINS is fundamentally different. Whereas the other tests assess the process of natural selection itself, the CINS also addresses the students' understanding of the underlying concepts of genetics and ecology that provide a foundation for using natural selection as an explanatory theory.
Perhaps the most effective way to identify misconceptions is to interview students. Obviously, this is logistically impossible in large classes. The goal of this research was to produce a test that would elicit information about student conceptions that paralleled information obtained in interviews, but could be used efficiently with large classes. When results on the CINS are compared with interview results, there is a positive correlation. This suggests that instructors could use the easily administered CINS with large groups of students to obtain valid and reliable information on how well students understand the concepts. We hope that the CINS will be a useful tool in moving the research focus in evolution education from identification of alternative conceptions to developing explanations of how large groups of students progress in their understanding over time.
Natural Selection: Key Ideas Being Tested
The 20-item CINS presented in Appendix B assesses 10 main ideas. Italicized words in the following description of natural selection indicate all the ideas that appear in the test, and underlining indicates 10 main ideas.
Organisms produce more young than can be sustained by available resources (biotic potential, carrying capacity). All members of a species compete with one another for resources (resources are limited, competition), and some organisms do not survive (limited survival).
Organisms within a species differ from one another in inherited traits (genetic variation). The variations arise through mutation and genetic recombination (origin of variation). Mutation and genetic recombination are random events that produce beneficial, neutral, or harmful traits. Much variation is inherited so the parents pass on their traits to their progeny. Among these offspring, those best suited to the environment tend to be most successful in producing young (differential survival, fitness, reproductive success). Offspring that are less well-suited to the environment are less likely to survive and less likely to produce offspring (lowered fitness, lowered reproductive success).
Through differential reproductive success, the frequency of different genetic types in the population can change with each succeeding generation (descent with modification, evolution, change in gene pool over time, change in population). Natural selection is directed, determined by the characteristics of the particular environment. Natural selection action on heritable traits is the primary mechanism of evolution. Action of natural selection on nonheritable traits has little longterm effect on the evolutionary process. Neither disuse of an organ nor need for a trait determine the genetic makeup of an organism. The population gradually becomes better suited to the environment through the propagation of more fit individuals (adaptation). Populations change through changes in the frequencies of genetic types in the population, not through change in individual organisms. This point is frequently missed by students.
When two populations of a single species are separated for an extended period of time by a physical, behavioral, temporal, or other barrier, the populations may diverge to the extent that they become separate species (origin of species). In general, members of different species are not able to mate and reproduce with one another, although this is not necessarily true of closely related species.
Test Design
In this section we describe the way that we developed the CINS. Our test items have authenticity by virtue of drawing on actual studies of evolution. This leads to a degree of precision and accuracy that is difficult to achieve in abstract and imaginary examples. The evolutionary setting is summarized in a heading, followed by related test items. Our examples are drawn from the abundance of microevolution studies cited in the literature [more than 500 in Endler (1986) ]. We had hoped to include a plant example but did not locate one suitable for this context. The steps involved in test development are summarized briefly below. Our approach was similar but not identical to the method advocated by Treagust (1988 Linke and Venz (1978) , Halloun and Hestenes (1985) , and Treagust (1988) used similar approaches. 2. Examine related literature. The authors of this article worked with an undergraduate (C. Goessling) and graduate students (L. Becvar and C. Noland) to find, read, and discuss relevant articles from the literature. The alternative conceptions described in the literature generally included and extended those displayed by the students in (Step 1) above. 3. Determine whether undergraduate biology majors achieve a successful understanding of natural selection. The difficulty of developing an accurate understanding of natural selection among non-biology majors is well documented. The researchers wanted to know the extent to which biology majors exhibited similar problems in understanding. A biology graduate student (A. Anderson) and Fisher collaboratively interviewed seven upper division ecology majors at a 4-year university. The interviews focused on natural selection, were semistructured, and were recorded on audiotape. A. Anderson transcribed the most interesting portions of the tapes (those in which students displayed difficulties). These seven interviewees demonstrated an excellent understanding of natural selection. We tried, largely unsuccessfully, to find weaknesses in their mental models. The students' weakest point was their understanding of the sources of genetic variation, but even there they knew the scientifically correct responses. They were simply less certain about their replies than in other areas. This suggests that evolution can be successfully taught to undergraduates when they have receptive worldviews and they receive significant exposure to the topic. 4. Define the content to be tested. The clear explications of natural selection by Mayr (1982) , Endler (1986 ), and Jiménez-Aleixandre (1992 served as a basis for designing the test content. These were complemented by reading Malthus (1798 Malthus ( / 1971 , Darwin (1859 Darwin ( /1978 , and Dobzhansky (1973) . Mayr (1982) dissected the logic of the theory of natural selection into five facts from which three inferences are drawn. Fact 1: All populations have the potential to grow at an exponential rate. Fact 2: Most populations reach a certain size, then remain fairly stable over time. Fact 3: Natural resources are limited. Inference 1: Not all offspring survive to reproductive age in part because of competition for natural resources. Fact 4: Individuals in a population are not identical, but vary in many characteristics. Fact 5: Many of the characteristics are inherited.
Inference 2: Survival is not random. Those individuals with characteristics that provide them with some advantage over others in that particular environmental situation will survive to reproduce, whereas others will die. Inference 3: Populations change over time as the frequency of advantageous alleles increases. These could accumulate over time to result in speciation. In addition to these five facts and three inferences, we decided to include additional test items concerning the origin of variation and the origin of species. Accordingly, the final version of CINS includes 20 items, 2 for every concept. 5. Choose a style for the diagnostic test. Initial efforts focused on creating two-tiered test items similar to those employed by Treagust (1988) , Odom and Barrow (1995) , and Settlage and Odom (1995) . This test style is attractive because it separates factual knowledge (Tier 1 ¼ facts) from reasons for choosing a particular fact (Tier 2 ¼ mechanisms and beliefs). Two-tiered questions work reasonably well for simple concepts such as the diffusion of atoms and molecules or the rules of Mendelian genetics, although even in such contexts they are not always as successful as one would hope (Griffard & Wandersee, 2001 ). However, with large, complex, multifaceted concepts such as evolution or natural selection, the two-tiered system breaks down. It is relatively easy to generate two or three answer choices to a content question in Tier 1, where one response is correct and the other one or two are plausible but incorrect. It then becomes extremely difficult to generate reasons for choosing one of the Tier 1 items that are plausible and also potentially applicable to more than one of those items. The Tier 2 responses we created generally (especially if correct) flagged one and only one Tier 1 response, and vice versa. We were unable to adapt this format to evolution because of the complexities involved. It would likely work well in a computer-administered test in which Tier 2 could have different choices for each different response in Tier 1. The simple multiple choice format of the CINS (as opposed to a computer format two-tier test) allows for easy administration to large groups of students as part of an in-class activity.
Instead, we followed Jungwirth's (1975) style, designing responses that aim to distinguish between different basic assumptions about the nature of the universe. This style involves use of relatively long text in both question header and item responses. The format does increase the authenticity and accuracy of the test, but at the same time we are concerned that it decreases readability. Thus, we include results of a readability test as part of Experiment 2. 6. Develop and validate a diagnostic test. The authors worked with Becvar, Noland, and Goessling to identify suitable evolutionary studies and develop related test items. The steps taken to develop and evaluate the items are described in the description of Experiments 1, 2, and 3 that follow. 7. Develop a specification grid. The specification grid (see Table 4 later) summarizes the scientific concepts on the 20-item test, the alternative conceptions used in distractors, and the item response choices that reflect each idea.
Experiment 1: Field Testing of CINS Version 1
Methods Used in Experiment 1
Approximately 100 students in four separate groups at large, ethnically diverse community colleges in Southern California participated in this study. All of the students were enrolled in nonmajors' general biology courses during the summer of 1999. Many students were preallied health majors. The students were given the tests as part of a regular, ungraded class activity that lasted approximately 15 minutes.
The version of the test used for this study included four situations: the Galapagos finches (Grant, Grant, & Petren, 2000 Petren, Grant, & Grant, 1999; Schluter, 2000; Weiner, 1995) , the so-called blind cave salamanders, Proteus anguinus, in the Karst region of Europe (Culver, 1982) , the peppered moth story (Biston betularia) of Great Britain's industrial revolution including aspects of both Kettlewell's (1955) original interpretation and the modern view (e.g., Grant et al., 1996) , and the Canary Island lizards (Thorpe & Brown, 1989) that are believed to have migrated from Africa. Whereas the finch, lizard, and salamander examples illustrate natural selection leading to speciation, the moth example illustrates natural selection on a smaller scale.
The original CINS was composed of four sets of five questions in each section. Each group of students took two of the question sets (10 questions) as a pretest, and the other two sets (10 questions) as a posttest. Owing to the short period of time (approximately 10 days) between pre-and posttesting, using the same questions for both testing sessions could have been heavily biased as a result of priming effects. Because of this, each group of students was randomly split in half and given either finches/moths or lizards/salamanders as a pretest, and visa versa for the posttest.
As a pilot project, seven volunteers were recruited from one class to be interviewed about their understanding of natural selection both before and after instruction. Individual interviews lasted approximately 20 minutes and took place in a faculty office near the lecture room. The purpose of the interviews was to determine whether the students' scores on the CINS items were reflective of their understanding of the concepts as elicited during a one-on-one interview. The potential value of the test questions for classroom use depends on the ability of test results to predict the outcome of a one-on-one interview on the same topic. Audio recordings and extensive notes were made during each interview, and the pre-and postinterviews were transcribed.
Preinstruction interviews involved four tasks: (a) giving definitions of selected terms, (b) sorting cards into piles of related terms, (c) interviews about instances (Demastes, Good, & Peebles, 1996) , and (d) diagram interpretation as described in Appendix A.
Students participated in 5 hours of lecture instruction and 3 hours of laboratory experience before postinterviews were conducted. Lecture instruction was traditional, with definitions and examples presented to students. One 3-hour lab session dealt with population ecology and included a simulated predator/prey interaction. Fewer interview tasks were used in the postinterviews than in the preinterviews, so that students could be asked about three of their answer choices on the CINS. Students were asked to read the question out loud, then go through each answer choice and explain why that was, or was not, a good choice.
To determine the validity of all the CINS items, 3 university and 2 community college biology professors were asked to choose the correct answers for each question. In addition to choosing the intended answer on each question, (thereby validating the tests), they also gave some helpful feedback that was used to improve the questions.
Results: Analysis of Items in Experiment 1
Significant problems were identified with the salamander questions during student interviews. The story is complex because the blind salamanders are actually born sighted and even appear to retain their sight mechanisms after a membrane forms over the eye during development, making them effectively blind except for responsiveness to flashes of light. Owing to problems in conveying these ideas clearly in the space available, the decision was made to drop those questions from the analysis.
The remaining 15 items were analyzed. In total, 105 students took the five moth questions, 117 students took the five lizard questions, and 101 students took the five finch questions. Initially, test results from the three groups of students were pooled into pretest and posttest for each section of the test. Results were scored on ParSCORE forms to obtain a detailed report. Because posttest scores showed little improvement over pretest scores, pre-and posttest results were pooled to increase the statistical power of the analysis. This lack of improvement is not surprising given the short instructional duration. With a total possible score of 5 points, the mean score for the five moth questions was 2.54 [standard deviation (SD) 1.36], for the five lizard questions was 2.36 (SD 1.46), and for the five finch questions, 2.12 (SD 1.15) so students averaged close to 50% for all three sets.
In a criterion-referenced test such as the CINS, the main objective is to assess mastery of subtopics. The goal is to create items that discriminate between students who exhibit mastery of a concept from those who do not. Discriminability of the items was determined by calculating point biserial values for each item; these ranged from 0.24 to 0.67 (Table 1) . The point biserial method of assessing discriminability determines the correlation between performance on a particular item and overall performance on the test. Because our calculations are based on small 5-item sets, the performance on 1 item greatly influences the overall score. This reduces the usefulness of the point biserial value, yet these scores still provide some information about the discriminability of each item (Kaplan & Saccuzzo, 1997) . The closer the point biserial value of an item is to 1.00, the greater is the discriminating power. All of the questions except for Finch Question 5 discriminate fairly well between low and high scoring students.
Question difficulty, which indicates the percentage of students choosing the correct answer, ranged from 13% to 77%. Optimum item difficulty is generally halfway between all students choosing the correct answer (100%) and the chance that a student would choose the right answer by guessing (25% because these items have four choices) (Kaplan & Saccuzzo, 1997) . Given these guidelines, optimum difficulty is around 63%, and items with difficulty values of between 30% and 70% are best able to provide information about the differences between students (Kaplan & Saccuzzo, 1997) . Two of the finch questions (1 and 5) appeared to be difficult for students. These items were carefully scrutinized and modified in the second version of the CINS.
Results: Test/Interview Comparisons in Experiment 1
The interviews suffered from the same semantic difficulties as were encountered in the attempts to prepare the two-tiered items described previously. These were exacerbated by the facts that many of the interview tasks were too general and were not closely aligned with the test items. However, the interviews were valuable in determining whether each student was capable of using the theory of natural selection to explain various situations. In addition, even though the number of interview subjects was small, these results indicated that the test items had potential and that they warranted further research and development. The think-aloud protocols were especially useful in providing specific information for comparing student knowledge in interviews with student knowledge displayed on the written test. Students who scored highly on the written test consistently performed well on the interview tasks. On the other hand, some students who appeared to have a relatively solid understanding of the concepts in interviews did not score highly on the test. This may be due in part to readability and also to the increased levels of discrimination required in the written items. In addition, it was obvious that some students had trouble with terminology. Words such as characteristic and dominant were unfamiliar to them in the context of heredity, and left these students confused.
The postinterview transcripts for each student were analyzed to determine the number of both scientifically correct utterances and utterances suggesting an alternative conception. The percentage of scientifically correct utterances out of the total was calculated. As shown in Table 2 , there is a positive correlation between the two scores.
Two interview excerpts provide specific examples of the correlation between test scores and interview performance. Mark (a pseudonym) scored 9 of 10 on the posttest and provided many accurate explanations during the postinterview. In the first excerpt, Mark expresses an understanding that successful organisms pass their traits on to offspring while others do not.
Interviewer: Define the term adaptation for me. Mark: Those are the traits that change over a period of time due to environment. Interviewer: So the environment causes the change? Mark: Yeah, the environment determines what is adaptable. Interviewer: So does [the environment] cause the changes that are necessary or does it act on things that are already there? Mark: I guess it acts on things already there. Because obviously, the animal that is more successful will pass on more of its genes, then over the course of time, those traits are going to be manifested in the offspring.
Later in the interview, Mark was shown a picture of a bird prying apart a pinecone and was asked to talk about how the picture illustrated the concept of natural selection.
Interviewer: Have you ever tried to pull a pinecone apart? Mark: No, but I imagine it's probably a pretty hard thing to do. Because the dry ones are impossible, and that's a green one. So . . . ''survival'' and ''adaptation,'' and I say ''adaptation'' because his beak and claws have probably adapted to doing this kind of thing, since it seems like he does it pretty easily. Interviewer: Now when you say ''adapted,'' do you think that individual bird changed in order to eat the pinecone? Mark: Not this individual, I would say maybe his species probably evolved over time to be able to do this kind of thing based on availability of food, or whatever, maybe his species is the only one that can eat that particular kind of food because he is adapted to be able to do that. I guess also maybe his coloring is an adaptation. Maybe that is what helps them to recognize each other, make him more recognizable to females.
In contrast to Mark, Kim (a pseudonym) chose only 4 of 10 correct answers on the posttest. The following excerpts illustrate her basic misunderstanding of how natural selection influences populations. In the first excerpt, Kim was asked to think aloud as she read the second finch question of the CINS.
Kim: I think ''A'' would be better because it said ''the need to be able to eat different foods,'' so if they were not able to eat those foods, they would die. So they would have to learn, I guess really quick, they had to change to be able to eat. And their beaks change. Interviewer: So because they needed to, their beaks changed? Kim: They need to eat, is like, if you don't, you die. Want is okay. I want to eat that, but if I don't, maybe I will get it next week or something. So it was a need, it was essential. I think that is the key word there-''need.''
As Kim worked through another item (the third finch question on the CINS), she expresses some confused notions of how populations adapt.
Kim: ''A'' says that the finches were quite variable which evolution shows that everything usually comes from one thing. If evolution was changing their beaks, so how could they start at being quite variable? So it doesn't make sense. And usually [mumble] natural selection and stuff then you become suitable to get food, but if you were already like that, then there was no reason to change. It said ''different lines of finches tried to develop different beaks,'' that's the same thing ''evolution had to bring about the different lines'' . . .so I didn't like that.
Mark is an older student who was taking general biology because of personal interest. His interviews demonstrated a working knowledge of many ideas related to natural selection, and his test score was high. Kim was a younger student with a minimal background in biology from high school. She was taking the course for general education units. Her interview demonstrated a great deal of confusion on the main ideas and her test score was poor. These interview results provided a glimpse into the potential usefulness of the test items, and we were encouraged to do more field testing as described in Experiment 2.
Experiment 2: Field Testing of CINS Version 2

Methods Used in Experiment 2
After the field testing and student interviews with Version 1 of CINS, some test items were revised based on student feedback from interviews and comments from biology professors. In addition, we replaced the salamander questions with a new set of questions based on natural selection experiments done with Venezualan guppies, Poecilia reticulata (Endler, 1980) . Segments of the inventory (i.e., all 5 of the finch questions and all 5 of the moth questions) were administered to students at a large urban community college in southern California as part of their regular class activities during the Fall 1999 semester. In some cases, student responses were collected after instruction on natural selection, and in some cases before instruction. Respondents included both nonmajors (n ¼ 53) and majors (n ¼ 43).
Results: Analysis of Items in Experiment 2
Discriminability (point biserial values) and difficulty were determined for all of the test items using a ParSCORE system, using data in groups of five items each (based on topic). These data are not reported here because of the questionable nature of using point biserial values based on a test composed of 5-item subsets. Even so, these data helped us to choose 12 items from the original pool of 20 items for inclusion in the next version of CINS. These 12 items target six of the main components of the theory of natural selection listed earlier (Mayr, 1982) . These were chosen in part because we felt that the reliability of the CINS would be enhanced by having 2 items targeting each main idea. Point biserial values for the 12 items ranged from 0.14 to 0.62 and the difficulty on the items ranged from 18.9% to 84.1% correct.
Results: Readability of Question Stems in Experiment 2
After selection of 12 items for the inventory, the readability of the question stems was assessed using a rational deletion version of the cloze test (Taylor, 1953; Davies, 1995) . In a cloze test, words are deleted from a passage, then a student is asked to complete the sentences. In this case, approximately every seventh word was deleted, but some selection was done to avoid deleting key, highly specific words that would be impossible for students to fill-in. A total of 15-23 community college students completed the cloze test for each question stem (Table 3 ). The percentage of exact matches was calculated for all question headers (lizard, finch, and moth) based on responses. If a student used a synonym for the intended term, it was counted as correct. A score of about 60% correct indicates a reading passage that is highly readable for the target group; a score of 40-60% is considered instructional level, indicating that the students could read the content with some support (P. Ross, personal communication, October 2000) . The readability results for the question headers are shown in Table 3 . They indicate that the item headers are at the appropriate reading level for the target audience.
Experiment 3: Field Testing of CINS Version 3
Methods Used in Experiment 3
After the field testing of CINS Version 2, new items were added to expand the CINS to include a total of 10 concepts related to natural selection. In addition, minor changes were made to improve the readability of some of the existing items. The items on CINS Version 3 address all 10 concepts twice as listed in Table 4 . Items 1-10 include an item on each concept, as do Items 11-20 (although not in the same order). Table 4 also lists the alternative conceptions used in the distractors, and identifies the location of each distractor on the test. Finches are used as a context for Items 1-8, guppies are used in Items 9-13, and lizards are used in Items 14-20. The entire 20-item CINS was administered to 206 students enrolled in two sections (A and B) of nonmajors' general biology course at a large urban community college in southern California during the Spring 2002 semester. The CINS was used as an in-class pretest before instruction on any topics related to natural selection. Students were given 30 minutes to complete the test and they received extra credit points based on the number of correct answers. The extra credit was offered to increase student motivation to answer the questions thoughtfully.
Results: Analysis of Items in Experiment 3
The 110 students in Section A of the course earned a mean score of 8.21 of a possible 20 items, with a range of 1-16 and an SD of 3.07. The 96 students in Section B earned a mean score of 10.42, with a range of 3-20 and an SD of 3.31. The demographics (ethnic diversity and male/female ratio) of the two sections were nearly identical, so the difference in mean scores may be due to the time constraints (another class waiting to enter the lecture hall) experienced by the students in Section A that did not affect the students in Section B. This explanation is supported by the fact that several students in Section A did not answer at least five of the questions, whereas only two students did not finish the CINS in Section B.
Discriminability (point biserial values) and difficulty values were determined for all of the test items using a ParSCORE system. Results for the two sections were averaged as shown in Table 5 . The point biserial values indicate the ability of an individual item to discriminate between high and low performers on the entire test. The closer the point biserial value is to 1.00, the greater is the discriminating power. Good test items generally result in point biserial values of between 0.30 and 0.70 (Kaplan & Saccuzzo, 1997) . Items 3, 4, 9-11, and 13 are below 0.30. Of these six, only Items 4 and 9 are significantly below the suggested minimum value. However, because the CINS is a criterion-referenced test designed to identify concepts that students do or do not understand, and not to discriminate among students, the point biserial values are of decreased usefulness (Gronlund, 1993) . The difficulty of test items ranged from 14.5% to 80.6% of the students choosing the correct answer. The average difficulty was 46.4%, which is close to the 50% average difficulty suggested for a typical classroom test by Gronlund (1993) .
The reliability of the test relates to the consistency of responses and the CINS must be shown to be reliable to be a valuable tool. As a measure of general internal consistency, we used the Kuder-Richardson 20. This method simultaneously considers all possible ways of splitting the test, so it improves on other methods of determining reliability in which the test is used only once (as opposed to test/retest methods). The KR 20 for the test was 0.58 for Section A and 0.64 for Section B. A good classroom test should have a reliability coefficient of 0.60 or higher (Gronlund, 1993) , so the CINS values are acceptable.
We examined the internal validity of the CINS with principal components analysis (PCA). This is a type of data reduction procedure that uses the covariance matrix of a set of p items to determine whether a smaller set of m components (m < p) can adequately explain the variation among the p items. Supporting evidence for the internal validity of a survey's underlying measurement structure is demonstrated if items measuring the same concept covary highly with each other and load on the same component, whereas items not measuring that same concept load on other components (DeVellis, 1991) . A hypothesized underlying measurement structure of the Items appear to be particularly difficult for students.
CINS would be to have 10 components explaining much of the variation among the 20 items. Each of the 10 components would represent a distinct evolutionary concept with the two items designed to measure a particular concept both loading on the appropriate component. The PCA was conducted on the 20 Â 20 matrix of item phi correlation coefficients. Two methods estimated the number of components to retain (Horn, 1965; Lautenschlager, 1989) . Parallel analysis, which determines the number of components by comparing the eigen values of the observed correlation matrix with those from a matrix of the same variable and sample size based on random variables, indicated 2 components should be extracted. The number of eigenvalues >1 rule indicated 8 components should be extracted. The varimax rotated component patterns of Solutions 2-8 were examined. Criteria for determining the final PCA solution included: (a) having a large proportion of the total matrix variation explained, (b) having a high number of items with a strong ( >.40) loading on at least one component, (c) having a minimum number of complex items (items with strong loadings on more than one component), and (d) having a component pattern that was theoretically interpretable.
The 7-component extraction was found to be optimal. Seven components accounted for 53% of the total variance. All 20 items had a loading >.40 on at least one component. Only one item (12) had a loading >.40 on multiple components (Components 3 and 5). Nine of the 10 pairs of items representing the 10 evolution concepts emerged together on the same component (Table 6) 
Conclusions
The Bishop and Anderson (1990) test of understanding of natural selection has been extremely popular and has probably been used by many hundreds of teachers and researchers. We have made good use of it ourselves. So why develop another test? As noted in the introduction, we observe that when nonmajors read and discuss Jonathan Weiner's Beak of the Finch, they do acquire a much deeper understanding of evolution than they ever seem to obtain from abstract descriptions and/or short simulations. This led us to think that a test also would also be less ambiguous and more accurate if it focused on actual scientific data.
We were encouraged by our finding that the seven undergraduate biology majors whom we interviewed all demonstrated an accurate understanding of natural selection. This suggests to us that it is possible for students to learn about natural selection and that we should be much more successful than we currently are with nonmajors. We believe we have discovered the means for achieving this goal.
The Beak of the Finch is a Pulitzer prize-winning book that describes research into the microevolution of the Galapagos finches over a 20-year period. The book describes how the data are collected by scientists who camp out on this forlorn island for months at a time, year after year. Students can see the changes that occur in the overall group of finches as the island goes through first a multiyear drought and then a tumultuous rainy period. Large changes occur in the size of the finch population. Pronounced changes occur in the proportions of different finch species that make up the groups. Clearly measurable changes occur in the average length of the beaks in the populations of each finch species. Students also learn the ways in which the data are carefully organized into large computers back at Princeton and analyzed in many different ways. Going through the actual research process and seeing the actual research results provides a tangible model for understanding the basic concepts.
If a book can provide this sort of detailed learning model, we predicted that a diagnostic test could be prepared that would present questions within realistic contexts. These contexts would help students to make sense of the information and to express their understanding (or misunderstanding) of the theory of natural selection as it applies to various examples by focusing on details of the changes.
The CINS (Appendix B) was designed to be used as a tool by teachers and professors interested in instructional methods that support constructivist and socioconstructivist learning. Our results support the prediction that a multiple choice test could be prepared using realistic topics as well as using common alternative conceptions as distractors. These results also indicate that the scores on the test correlate positively with scores on one-on-one interviews. Therefore, the CINS provides a simple yet effective means of identifying the frequency of some common misconceptions among large numbers of students. Because the inventory targets 10 of the main ideas of the theory of natural selection, instructors can be assured that a student who chooses all of the correct answers has a fairly comprehensive understanding of how natural selection influences populations. The field testing reported in this article indicates that the CINS's face validity has been verified by independent content experts. In addition, the readability of the question stems has been evaluated and is at a reasonable level for first-year college students. The reliability of the CINS as determined by the KR 20 is acceptable. The discriminability and difficulty scores of the question items indicate that the questions are capable of distinguishing between students who understand the concepts and those who do not.
The results of the principle components analysis demonstrate strong support for the internal validity of the CINS's underlying measurement structure. The seven components represented distinct evolutionary concepts. Five of the components contained a single set of item pairs representing one concept. Components 1 and 4 revealed where items intended to measure different concepts were similar to each other. First, the items related to natural resources being limited and the items related to the idea that not all individuals survive were both contained in Component 1. This is not surprising because when students understand that there is competition for resources, they acknowledge that some individuals die. Second, the items related to a change in a population over time and the origin of species were both contained in Component 4. This pairing also is reasonable because a change in allele frequency of a population (Items 4 and 13) will eventually set the stage for the origin of new species (Items 8 and 20) as two populations become reproductively isolated in some way. The analysis also showed that the items designed to measure Variation Inherited related more to other items than they did to each other. We are not able to explain why Item 7 on how variation is inherited clustered with items on natural resources and limited survival as these ideas are distinct. However, Item 17 is related to the items on the origin of variation (Items 6 and 19) . This points to where the measure can be further improved so that items related to the inheritance of variation (Items 7 and 17) will match more closely. One slight change has been made to the wording of a distractor on Item 17 to make it more clear. Further field testing will reveal whether this change causes Items 7 and 17 to pair as they should.
Although the interview data reported here are limited, the results indicate that a high score on the easily administered CINS correlates with a high degree of understanding of natural selection during an interview. For this reason, the CINS should be a useful instrument for investigating student conceptions with hundreds of students. This provides researchers with a means of going beyond studies with a small number of interviews that are difficult to generalize. The first author is currently conducting additional interviews with general biology students and comparing these interview results with performance on the CINS.
The CINS is similar in structure to the Project Star Astronomy Concept Inventory that assesses understanding of concepts with distractor-driven multiple choice items (Sadler, 1998) . Sadler suggested that such test items have a very different item profile for students of varying abilities than items without such attractive distractors. In fact, Sadler reported that students may have certain inaccurate ideas strengthened before coming to a point of understanding a particular concept in a scientific way. For this reason, further research with the CINS may involve using Item Response Theory and item option characteristic curves (Sadler, 1998) , rather than Classical Test Theory based on discriminability and difficulty, to evaluate the performance of large groups of students at varying levels of ability (high school, college nonmajors, and college biology majors).
In addition to being a useful student assessment, the CINS items are potentially valuable for in-class discussion. Occasional use of selected items in this way always generates lively and highly productive discussion with nonmajors. The questions serve as an easy to use format for getting students to think about what they know, so that new information can be compared to prior knowledge, and the stage is set for conceptual change.
The theory of natural selection provides a unifying and explanatory framework for biology. As biology educators, we owe our nonmajors an opportunity to develop a working knowledge of the theory as a mechanism of evolution, because they will likely not have another chance to learn this fundamental idea. If this diagnostic test can be used to assess instructional methods or to stimulate conceptual change in these students, we will have met our goal in producing it.
Task 3-interview about instances Instructions: ''I am going to show you several pictures now. Please tell me whether each one is an example of one or more of the terms on this card, then explain your answer.'' Terms on card: competition variation within a species variation between species survival Photos shown during preinstruction interviews:
